Introduction: Health professionals need data, in sufficient quantity and quality, and tools that can manage the vast amount of available data. They need help for data management and appropriate support for decision making. Aim: The focus of this study is to develop a prototype that can contribute to the identification of data quality problems in clinical and administrative data. Methods: Methods involve the definition of requisites and business rules, the prototype development and testing, and the realization of two studies using the prototype.
INTRODUCTION
Medical databases generally involve all sorts of data and store a considerable size of information (Kumar et al., 2008) . Data consists, generally, of records with different type of information and with diverse characteristics such as age, blood type, weight, clinical images, diagnosis, lab results, among many other patient details (Chandola et al., 2009 ). In the latest years, with an exponential growth in hospital information, the volume of electronic clinical records has also significantly increased. Impaired with this increase, new interests emerged in the analysis of such information, thus driving it not only to be used as a source to make decisions but also to support hospital management (Freitas et al., 2005) .
Amongst the various health services, hospital focus gains a particular interest because it gathers a higher complexity and procedures cost. This makes hospital databases the main focus of various analysis (Freitas et al., 2005) . The display of reliable and trustworthy information, obtained from solid data, is vital to help health professionals and technicians in the process of decision making and also help in higher levels of hospital management. In this context, Information Systems are responsible for making, analyzing and disseminating such data (Pinto, 2010) .
Data Quality
The data value is directly proportional to its quality. So, the higher the quality is, the greaters its utility (Arts et al., 2002) . It is important to consider that, to insure data quality, certain basic rules must be followed such as coherency, accuracy, integrity and consistency (Tayi and Ballou, 1998) ; (Wang, 1998) ; . Thus, the importance of rectify integrity problems, normalize values, fill or identify missing values, identify redundant information, among other processes in database management (Barateiro and Galhardas, 2005) .
The quality of data, accordingly to some authors, is a relative concept and is directly correlated to the information purpose. The authors use the "fitness for use" concept that emphasizes the importance of users' point of view and their judgment in information assertiveness (Tayi and Ballou, 1998) ; (Wang, 1998) ; (Olson, 2003) . Especially in medical databases, this concept reinforces itself, because data can have sufficient quality for economic analysis but insufficient to clinical or epidemiological studies (Silva-Costa, 2010) ; (Cruz-Correia et al., 2009 ).
In the scenario of hospital department, electronic data quality problems (DQP) gains a higher attention because the information has a vital importance for patient care (Daniel et al., 2008) . However, due to a high level of complexity and integrity inherent to this activity, maintaining a high quality database is not an easy chore.
Medical Data Coding Guidelines
There's many disparity in health policies and hospital funding between different countries. Despite those differences, there are common methods, characteristics and needs in all hospital environments which make it possible to define a set of international rules to analyze and compare different hospitals in different countries, having in consideration its' health records (Pinto, 2010) .
After being collected and coded, medical data concerning patients, usually has billing information frequently used only for administrative and financial purposes. This does not prevent them from being usefull to other areas such as health quality and health care (Price et al., 2003) .
These databases have a huge statistical potential, due to their large volume and similarity between hospitals, intitutions or even countries. This comparation between hospitals is due, mainly, to the use of a core group of variables named internationaly as "Minimum Basic Data Set" (MBDS) (Aylin et al., 2007) ; (Romano et al., 1995) .
A part of this coded data is generated in the hospital discharge codification process. In this process, the information collected from clinical records, mainly diagnosis and procedures, is generally coded according to the "International Classification of Diseases" (ICD). It is also recorded the "Diagnostic Related Group" (DRG) in which episode is grouped. The use of ICD-9-CM 1 , along these past years, has had many purposes such as 1 ICD-9-CM: International Classification of Diseases, Ninth revision, Clinical Modification.
supporting the health services payment, studding their costs, evaluate quality, planning future needs and helpping clinical research (Ginde et al., 2008) , among others.
In Portugal, systematic codification of hospitalizations in 1989 (Lopes, 2010) and it was addopted the use of DRG as a hospital "case mix" measurement. Nowadays, the main hospital information systems have databases made of clinical and administrative data, which were compiled accordingly to the European established MBDS (Oliván, 1997) .
In Portugal, the Health Ministery defines and publishes regulations that, not only, determine the prices to be charged by the health delivered in the National Health Service (NHS), but also clearly distinguishes between what should be an inpatient or an ambulatory episodes, among other rules for the codification in DRG.
The evaluation of clinical coding quality is essential for the correct attribution of hospital funding, as hospital evaluation and funding theirselves depend in DRG grouping (Pinto, 2010) . So, all MBDS potential for hospital management and research can be compromised if clinical codification does not have certain levels of quality.
AIM
The aim of this study is to develop a prototype for the detection of data quality problems and inconsistencies in inpatient and ambulatory episodes in hospital databases. The prototype is intended to detect common errors in health related databases and also contextualize errors in specific medical specialties.
METHODS
Prototype and the studies regarding its use the development process follow the following predefined steps:  Analyze the central database structure and the coding guidelines;  Identify the business rules, define prototype requisites, implement and realize the tests;  Perform a two studies including data from the last 10 years, the first from a hospital and second including data concerning a pre-determined disease diagnosed in all NHS hospitals.
The database used is composed of hospital episodes, data ambulatory and inpatient data, from medical or surgical specialties, concerning 96 Portuguese hospitals with discharges between the years 2000 and 2009, making a total of approximately 12 million records. Access to this data was possible due to the ACSS 2 collaboration in the HR-QoD 3 project developed by the Department of Health Information and Decision Sciences of Faculty of Medicine of University of Porto. All data used was anonymous and clinical data was coded in ICD-9-CM.
Based on the defined requisites and business rules, auxiliary tables were created to store information from the DQP detected such as error codes and the errors quantity detected in each hospital and year. Business rules contain, rules that validate whether the information contained in a record is consistent, meaning that it does not present incongruences between the values of a variable in relation to values of other variables in the same episode. If the values are accordingly to regulations and guidelines of that codifications used in Portugal, such as ICD-9-CM. These were created and schematized as showed in figure 1. In the implementation of the prototype the following programming languages were used: PHP, HTML and JavaScript the Eclipse developing tools for PHP and Toad for Oracle were also used.
RESULTS
With its' use it was possible to create reports with the detection of DQP and respective incongruences. These reports included the analysis of over 50 different types DQP in the studied data.
As result of a first study, data from a hospital concerning discharges between the years 2000 and 2009 (inclusive) was selected, totalizing 543,133 hospital episodes. Some of the problems detected are shown in table 1. The evolution, in the 10 years of determined detected DQP can be seen in graphics presented in figure 2 and 3. In the figure 2 we can see that, for example, the growth (after 2007) errors in the variable 'AGE' (calculated incorrectly) and also that the total days in preoperative are incorrectly calculated after 2004.
The figure 3 show a gradual decline of errors related to 'weight at birth', the accentuated increase of 'repeated diagnosis' in the same episodes between 2007 and 2008, the gradual increase related to 'interhospital transfers' and identical volumes of errors between 2000 and 2004 related with 'LOS sum (preoperative)' and 'surgical date'. For the second study, the pathology Female Breast Cancer (FBC) was chosen due to a publication released in January 2011 by INE 4 , stating that in Portugal 1,635 people died in the year 2009 (INE, 2011) due to FBC and according to WHO 5 , FMC is the most frequent tumor worldwide. It's the main cause of female death internationally (Bastos et al., 2007) ; (WHO, 2011) .
To this purpose, all episodes with diagnosis of FBC coded in ICD-9-CM with '174.x' were selected in all 96 Portuguese hospitals in the last 10 years, resulting 346,654 records.
Specific queries were applied in order to detect inconsistencies in the context of codification in this disease. Table 2 shows the most relevant inconsistencies detected. From this analysis we can point out 783 records with value "male" in the variable 'gender'. This fact represents a serious DQP because this study is specifically about FBC. Male Breast Cancer is coded in ICD-9-CM with '175.x', and so code '174.x' is restricted to female patients.
DISCUSSION
The algorithm was capable of identifying the most significant DQP existing in the database.
The "Incorrect length of stay (LOS)", one of the DQP detected in 35% of total episodes, observes some particular considerations: (a) the regulation number 839-A/2009 from the health ministry informs that "Global Length of Stay" (G-LOS) concerns the total number of days consumed by each patient within the hospital, considering the admission day and ignoring the discharge day (SNS, 2009); (b) a most detailed analysis of this inconsistency value showed that, despite the business rule is correct with the in vigor regulation, this value can be caused by inconsistencies in informatics applications that calculate the variable G-LOS; (c) some specialists make their calculations only with the value of the day in question; meanwhile other consider also the hours and minutes, which can cause one day difference in G-LOS.
DQP occurrences DQP "Diagnostic code not in ICD-9-CM table" and "Procedure code not in ICD-9-CM table", showed in table 1, are due essentially with the passing years, to the reviewing of some codes and the modification or others. However, the process associated to the management of these modifications is not performed efficiently. This process would have to store the different versions of changes made to the ICD-9-CM table used in each hospital as well as to store the version used in the codification process instant (Lopes, 2010) .
Codification errors on principal diagnosis, such as the 85 cases presented on table 1, imply the classification of episodes with DRG 470 ("Ungroupable") in these cases, the hospital is not financially compensated for the episode costs (SilvaCosta et al., 2010) .
The gradual decrease of DQP related with 'weight at birth', presented on figure 1, could be associated with data validation rules, performed during data entry, by the different electronic applications used on NHS hospitals during the last years.
In figure 3 a gradual increment related to patient transfers between hospitals after the year 2006 can be observed. DQP "Code of the reason for the interhospital transfer is null" and "Code of the interhospital transfers is null", raise the issue that the lack of these codes could be related to regulations that the health ministry posted in 2003: (a) a hospital that transfers a patient to other, by "lack of resources", can only receive up to 50% of the correspondent DRG; (b) the hospital that receives a transferred patient is limited, in its' classification, to a restrict set of DRG.
Despite that these regulations already existed in 2003, only after 2006 all NHS hospitals had these regulations. Regardless of the cause, it is a fact that this problem has obvious implications in hospital reimbursement level.
An analysis to identify the existing relation between errors found in years 2000 to 2004, in DQP sum (preoperative) < 0' and 'Surgical date < Admission date' (Figure 3) , revealed that all related episodes had many patients that were operated in the emergency service and then admitted in the hospital. After 2004 the 'Admission date' to be considerate was the lesser date registered, being the emergency service entry date or the admittance date in the hospital services.
The identification of 783 cases coded with '174.x' and with the 'gender' variable equal to 'male', in the second study, is of extreme importance. Assuming that these records are actually male patients, this inconsistence represents a 0.23% impact in this study. However, if the focus of the studies was Male Breast Cancer, coded in ICD-9-CM as '175.x', these 783 cases wrongly coded would correspond to a total of 25% cases of Male Breast Cancer that may not be considered.
Official coding guidelines (ACSS, 2009) state that "in admittance of the patient exclusively to chemotherapy, imunohemoterapy or radiotherapy, the principal diagnosis code attributed should be 'V58.x', and secondary diagnosis should be the ones representing the cause for treatment".
After these directives, we can verify that in 139,156 records, 40.2% of total episodes of FBC (Table 2 ) present 'V58.0' or 'V58.1x' as secondary diagnosis codes. The average rate of this inconsistency is 64% per year. The directives also state that the code 'V10.x' ('personal history of malign cancer') should always be coded as a secondary diagnosis, however 830 records were found with 'V10.x' was the principal diagnosis.
CONCLUSIONS
This study helped the analysis and identification of existing DQP in a coded health database, and also helped in the determination of a profile for the coding of FBC episodes.
Acknowledge of anomalies in the data may allow an immediate improvement in their quality, when the correction is feasible. This acknowledgement is important for the management of health, both nationally and regionally, and also locally in each hospital or health facility.
The results are graphically simple and allow a direct reading of the most relevant values and are certainly an asset to help managing and controlling the efficiency of health facilities.
The visualization of DQP, in graphical format over 10 years, allowed users, only with a visual analysis of the evolution of the problem, to quickly identify possible relationships between the increase or decrease of a problem and the date of implementation of certain software in the hospital, or the adoption of a new standard for procedure..
Effective management of versions, also known as change management, applied both by managers and by the NHS hospital managers, in addition to companies that develop software for health, can help to prevent problems to happen again, as some of those presented in this study.
This study is a contribute to the detection of DQP, and also an incentive to the improvement of the architecture of existing information systems, emphasizing the importance of developing mechanisms and methods for detection and validation in health. This study also intends to alert for the impact of these errors in epidemiologic studies and, as well, in management evaluations and health related policies.
Future Works
In the next stages of this study, we intend to replicate the method used in this study to other pathologies and apply data mining algorithms to improve the detection of patterns, abnormal cases, possible errors or inconsistencies.
